1966. The invasion was not consfanf each year, but was concentrated in two major periods between 1937 and 1970. Annual herbage production under aspen and willow was reduced by 80 to 90% when compared wifh the production of adjacent rough fescue grassland. The invasion of aspen info grasslands was correlated with high remperorures, particularly during the monrh of June, I and 2 years before tree establishment and with low precipitation 2 years prior fo esrablishment.
The aspen parkland is a major vegetation zone where groves of aspen (Populus rremuloides Michx.) and willow (Salix spp.) are interspersed with grassland.
The parkland zone is a tension area between the prairie to the south and the boreal forest to the north. The prairie vegetation occurring within the parklands has been described regionally as the rough fescue (Festuca scabreNa Torr.) and the mixed prairie associations of western Canada (Coupland, 1950) .
The invasion of fescue grassland by brush ( Fig. 1) has been recorded by Moss and Campbell (1947) and Johnston and Smoliak (1968) in Alberta, by Coupland and Maini (1959) and Maini (1960) in Saskatchewan, and by Blood (1966) in Manitoba.
The purpose of our study was to establish whether brush invasion had occurred in southcentral Alberta and to determine the rate of invasion and the effect of brush on herbage production. to environmental factors. The precipitation data used were the average of data from the three closest meteorological stations of the Canada Department of Transport, Meteorological Division. Temperature data were obtained from the meteorological station at Calgary, Alta.
Results
Vegetation production under the closed canopies of the willow and aspen communities was reduced significantly compared to the adjacent grassland (Table 1) . The grass and grass-like production was reduced to 310 kg/ha under willow and 154 kg/ha under aspen compared to 1944 kg/ha in the adjacent grassland. This represents a reduction of grass and grasslikes of 84% under willow and 92% under aspen.
Most one-mile transects had some brush on them in 1907 and 1966, but the mean area occupied by brush increased from 4.8% to 8.0% (Table  2) . Of the 40 one-mile transects sampled, 68% increased in brush cover while only 7% decreased. The net increase in brush cover was 3.2% ova 59 years; the annual rate of invasion averaged 0.08%.
In 1907 the brush cover for the one-mile transect presented in The growth ring analysis indicated major periods of rapid tree invasion (Fig. 3) . Two periods, 1960 to 1965 (5 to 10 years ago) and 1944 to 1950 (20 to 26 years ago) had the highest frequency of tree establishment.
Of the 160 aspen trees studied, the youngest tree was 3 years old and the oldest was approximately 67 years old (67 growth rings). As aspen grows older, more false rings seem to occur, making estimation of tree age more difficult.
Trees in the young aspen stands had diameters ranging from 1.3 to 7.1 cm (0.5 to 2.8 inches); the trees ranged from 1.4 to 8.7 m (5 to 28 ft) tall. In the mature aspen stands, the tree diameters ranged from 4.6 to 30.5 cm (1.8 to 12 inches); the trees ranged from 4.5 to 15.7 m (15 to 51 ft) tall. (1960) reported that suckering was stimulated when temperature and moisture conditions were favorable. In this study, the correlation for all 160 trees between rate of tree establishment and annual precipitation was nonsignificant (Y 0.02). This value may have been influenced by climatic extremes. Aspen is a short-lived tree detrimentally affected by drought (Maini, 1960) . Few trees were more than 32 years old (Fig. 3) . The sample of trees surviving prolonged droughts of the 1930's may be too small to give a significant correlation. To test the relationship of tree establishment to temperature and moisture conditions since the drought of the 1930's, correlation coefficients were developed for trees established in the 1937 to 1970 period. Mean air temperatures and total precipitation were tested for the year of tree establishment as well as 1, 2 and 3 years prior to tree establishment for May, June, July, August, September, June to August, May to September, and annually.
NUMBER OF GROWTH RINGS
Mean air temperature 1 year prior to tree establishment was significantly correlated for June (Y = 0.42*, P<O.OS), June to August (r = 0.35*), and annually (r = 0.43"). Mean temperature 2 years prior to tree establishment was significantly correlated for June to August (r = 0.34") and annually (Y = 0.38"). Precipitation 2 years prior to tree establishment was significantly negatively correlated for May to September (v = -0.38 *) and annually (r = -0.46**,P<O.O1).
Multiple regression equations were developed using 33 years of tree establishment data and 51 temperature and precipitation variables. One equation having nine independent variables accounted for 55% of the total variation. A more readily understandable equation is the one following which accounted for 41% of the total variation:
where Y = number of trees established, X1 = annual precipitation 2 years before tree establishment, X, = mean annual temperature 1 year before tree establishment, and X, = mean temperature for June the year before tree establishment.
The multiple correlation coefficient (R = 0.642) was significant (P < 0.01). The t-test on the slope b for each variable (Xl, X, , X,)
was also significant (P < 0.05). A single variable, June mean temperature 1 year before tree establishment was found to be highly significant (Y = 0.556) for the 22 years having three or more trees established (Fig. 3) This accounted for 31% of the variation and the t-test on the slope b was significant (P < 0.01).
Discussion
Brush species, particularly aspen, have invaded grassland along the southern edge of the aspen parkland where the study area was located. Our findings agree with other research in Alberta by Moss and Campbell (1947) and Johnston and Smoliak (1968) . The rate of invasion of brush on to grassland, however, averaged only 0.05% per year compared to 0.75% per year in the Porcupine Hills of Southwestern Alberta, an area of higher annual precipitation.
The dark brown soil zone in Saskatchewan where Maini (1960) worked had a climate similar to that of the study area. He reported rates of invasion of 1 .O to 2.5 ft/mile per year; these rates (0.02 to 0.5% per year) are very similar to the average rate of invasion of 0.05% annually found in the study area.
The area now dominated by aspen may have produced more than 1990 kg/ha prior to the invasion of aspen. Under mature aspen stands sampled, 60% of the soils were black chernozems, and the remaining were carbonated regosolic humic gleysols. In contrast, 80% of the soils under rough fescue grasslands were dark brown chernozems, soils which have developed under drier climatic conditions than those under aspen. Aspen groves generally occur downslope from fescue grasslands or on north-facing slopes. In the dark brown soil zone of Saskatchewan, Ayyad and Dix (1964) have demonstrated that north-facing slopes usually have higher soil moisture than middle or upper slope positions. An 88% reduction in annual herbage production is probably a conservative estimate because aspen now occupies more productive soils.
The invasion of aspen into adjacent grasslands as has occurred in the young stands studied was assumed to have occurred in years of high precipitation as indicated by Maini (1960) . It has been demonstrated for beech (Fagus grandifolia) that the width of annual rings is positively related to June precipitation of that year but negatively related to June mean temperatures of 1 year before (Diller, 1935) . However, in this study, tree establish- ment in aspen was found to be negatively related to the precipitation and positively related to the mean temperature regimes that occurred 1 and 2 years previous. It would appear that aspen suckering and invasion of grasslands is closely linked to high soil temperature (Shirley, 1932; Maini, 1968) low precipitation, and possibly also to apical dominance (Farmer, 1962) . Our findings are in agreement with Maini (1968) who maintains that any disturbance resulting in an increase in soil temperature stimulates aspen suckering. The greatest invasion of aspen into grassland in the study area occurred in 1962, 1 year after the 196 1 drought, when the June mean temperature was 8" F above the 33-year average. Suckering continued for 1963 and 1964, when the June mean temperature the year before had also been higher than average. Dix and Steen (1968) recorded the widespread dieback of aspen groves in the parklands of Saskatchewan in the mid-1960's and suggested that the dieback was triggered by the severe drought of 1961. Dead aspen trees were observed in some groves studied, but it is not known when mortality occurred. The 1961 drought apparently triggered a massive invasion of aspen suckers into the grassland. The invasion was closely related to high mean temperatures and low precipitation 1 and 2 years prior to establishment. It is not known whether this invasion was related to the loss of apical dominance caused by dieback of some of the mature trees.
Summary and Conclusions
Annual herbage production under brush was only 10 to 25% of that of the adjacent grassland. Brush cover of aspen and willow showed a net increase of 3.2% during the 59-year period of 1907 to 1966. Age distribution of the trees indicated that the invasion was concentrated into two major periods of expansion. The increase in cover of brush included the establishment of new stands as well as the increase in size of established stands. In 1907, only two groves of aspen were recorded in 40 one-mile transects but by 1966, 88% of the transects had aspen groves present. The rate of invasion may well be increasing because of the greater number of brush patches becoming established. Over many years, the invasion of aspen and willow would mean a loss in forage production and a decline in carrying capacity of these ranges for domestic livestock.
The invasion of aspen into rough fescue grassland was found to be related to high growing season temperatures, particularly during the month of June 1 and 2 years prior to establishment and to low May to September and annual precipitation 2 years prior to establishment. The effect of the loss of apical dominance in aspen on invasion into grassland by suckers was uncertain.
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